Introduction
Human herpesvirus 6 (HHV-6) is the sixth herpesvirus with a high affinity for CD4-positive T lymphocytes. Primary HHV-6 infection usually occurs in infants and is the most common cause of fever-induced seizures in children up to 3 years of age. Meanwhile, acute HHV-6 infection is rare in immunocompetent adults. After primary infection, HHV-6 normally remains latent in lymphocytes and monocytes and persists at low levels in cells and tissues under immunocompetent conditions. However, the virus potentially reactivates when the immune system becomes severely compromised. 1, 2 Recent progress in organ transplantation, especially hematopoietic stem cell transplantation (HSCT), which requires fine-tuning of allogeneic immune coordination, has increased the opportunities for various types of infectious complications by viral reactivation, such as cytomegalovirus (CMV), varicella-zoster virus, or adenoviruses. 3, 4 HHV-6 reactivation occurs in up to 50% of patients undergoing allogeneic HSCT and causes a broad spectrum of clinical manifestations, such as fever, rash, encephalitis, 
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Kuwahara-Ota et al hepatitis, bone marrow suppression, and so on. [3] [4] [5] [6] It has also been noted that reactivation of HHV-6 is frequently associated with concomitant CMV reactivation and increases the severity of CMV disease. 4, 7 Although reactivation of HHV-6 has accounted for most opportunistic infections, transmission of HHV-6 from donors has also been reported with HSCT. 8 In contrast, life-threatening infectious complications by HHV-6 reactivation after chemotherapy alone are extremely rare.
Follicular lymphoma (FL) is the most common disease subtype of indolent non-Hodgkin lymphoma, accounting for about 10%-20% of all lymphomas. Recent advances in immunochemotherapeutics, including anti-CD20 monoclonal antibodies, have markedly improved the long-term outcomes of FL. However, in most cases, disease relapse requires repeated administration of salvage immunochemotherapies.
9,10 Such long-term treatment often predisposes FL patients toward a severely immunosuppressed state, which causes increased susceptibility to various types of opportunistic infections, including those by bacteria, fungi, and viruses. [11] [12] [13] Herein, we report a case of a patient with relapsed FL who developed HHV-6 pneumonitis during treatment-free remission state following salvage immunochemotherapy, but was never subjected to HSCT.
Case report
Written informed consent was taken from the patient for the publication of this report and accompanying images. A 66-year-old man was diagnosed as having FL, grade2, Stage IV B according to the Ann Arbor disease staging system.
14 He had received hormone replacement therapy with 15 mg of hydrocortisone for primary hypogonadism for 11 years before the diagnosis of FL. After the first-line therapy of six cycles of R-CHOP (rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisolone) therapy, he achieved complete response (CR) and was subjected to rituximab maintenance therapy. However, 6 months after achievement of the first CR, the disease relapsed with the emergence of systemic lymph node swelling and skin involvement on his left shoulder, without the evidence of histologic transformation. Salvage therapy with five cycles of CHASER therapy (cyclophosphamide, high-dose cytarabine, dexamethasone, etoposide, and rituximab 15 ) successfully induced a second CR. Although the consolidative high-dose chemotherapy supported by autologous HSCT with rituximab in vivo purging was initially planned for the relapsed FL in this patient, this attempt was not accomplished due to mobilization failure of hematopoietic stem cells, and the patient was subjected to watchful observation without treatment. The patient developed CMV retinitis 3 months later, and since then, the patient repeatedly developed CMV antigenemia and retinitis, despite appropriate treatment with valacyclovir. Substitution therapy with intravenous immunoglobulins was also administered every 4 weeks for secondary hypogammaglobulinemia to maintain the serum immunoglobulin G level over 500 mg/dL.
Eighteen months after completion of CHASER therapy, at the age of 68 years, the patient was hospitalized with the chief complaints of pyrexia, cough, and hypoxemia. Upon admission, blood tests revealed a normal leukocyte count of 6.30×10 9 /L (normal range: 3.30-8.60×10
9 /L) comprising 3.83×10 ( Figure 1 ), computed tomography (CT) images identified nodular abnormal shadows in both lungs without lymphoma relapse, revealing that the patient was complicated by pulmonary infection (Figure 2A, B) . In the absence of positive bacterial/fungal culture tests or positive serological/blood tests for Aspergillus antigen, Candida albicans antigen, Mycoplasma antibody, β-d-glucan, and CMV-pp65 antigen, the patient 
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HHV-6 and FL following rituximab treatment received empiric antibiotic treatments, including piperacillin/tazobactam, ciprofloxacin, voriconazole, and liposomal amphotericin B. However, the pneumonia got worse, as shown by chest CT images on the 10th day of treatment (Figure 2C,  D) . Thirteen days after admission, polymerase chain reaction (PCR) tests were performed for herpes simplex virus type 1, herpes simplex virus type 2, varicella-zoster virus, CMV, parvovirus B19, BK virus, John Cunningham virus, Epstein-Barr virus, HHV-6, HHV-7, HHV-8, and hepatitis B virus on a bronchoalveolar lavage (BAL) sample. As the result, only HHV-6 DNA was detected by PCR in the BAL fluid, while HHV-6 DNA was not detected in plasma on the same day as the BAL examination. In addition, no bacterium or fungus was detected as pathogens in the BAL fluid. He was diagnosed as having HHV-6 pneumonitis, and intravenous ganciclovir (GCV; 5 mg/kg, q12h) therapy was initiated from day14, which quickly resolved the fever and cough within a couple of days and improved the CT findings by day 21 ( Figure 2E, F) . GCV treatment was changed to oral valganciclovir treatment on day 22, which was discontinued on day 40. Since then, no recurrence of HHV-6 pneumonitis has been observed for more than a year. During the course, the patient showed no symptoms of other HHV-6-associated end-organ damage.
Discussion
HHV-6 pneumonitis is rare, and no standard diagnostic criterion has been established. HHV-6 pneumonitis has been reported to show nonspecific and diverse CT findings: reticulation, ground glass opacity, consolidation, peripheral lung sparing, centrilobular nodules, and pleural effusions. 16, 17 These CT findings are similar to those of Pneumocystis jirovecii pneumonia or CMV pneumonitis, 17 which makes the differential diagnosis of HHV-6 pneumonitis from other pneumonitis difficult. In addition, it is important to note that chromosomal integration of HHV-6 occurs in about 1% of the population, and therefore, the detection of HHV-6 DNA does not always indicate reactivation of HHV-6 in such circumstances. However, BAL still plays an important role in the diagnosis of HHV-6 pneumonitis, as was also true with this case. [16] [17] [18] [19] It has also been reported that, when PCR screening for viral pathogen was performed in patients with idiopathic pneumonia syndrome after allogeneic HSCT, HHV-6 was detected as the most frequent pathogen and that the detection 
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Kuwahara-Ota et al of pathogen in BAL samples was associated with increased mortality, regardless of its authenticity as the cause of pneumonitis. 4 These findings suggest that the detection of HHV-6 DNA in BAL samples could be an appropriate trigger for the initiation of anti-HHV-6 treatment, especially in a severely immunocompromised setting. In addition, a negative test for HHV-6 DNA in plasma suggests no chromosomally integrated HHV-6, further supporting the diagnostic value of positive tests for HHV-6 DNA in BAL sample. Although a standard treatment for HHV-6 pneumonitis has not been established, GCV was effective in our case, as has been reported previously. [16] [17] [18] [19] While immunocompromised patients, especially those who have undergone allogeneic HSCT, are at a high risk of HHV-6 reactivation, 3, 4, [6] [7] [8] reactivation can also occur in association with intensive chemotherapy, hypogammaglobulinemia, and autologous HSCT. 5, 9, 20, 21 It is noteworthy that HHV-6 reactivation has been frequently accompanied with the emergence of Pneumocystis jirovecii pneumonia and the reactivation of other viral pathogens, such as CMV or Epstein-Barr virus. [21] [22] [23] Our patient had a sustained immunosuppressive state with hypogammaglobulinemia and a low CD4/CD8 T cell ratio, with repeated CMV reactivation that might be caused by continuous steroid replacement therapy for primary hypogonadism and rituximab-containing salvage therapy for relapsed FL. These findings suggest that this case was at a high risk for HHV-6 reactivation and that HHV-6 reactivation should be considered as one of the candidate pathogens for pulmonary complications of uncertain etiology in patients who have been treated with intensive immunosuppressive chemotherapy, even without HSCT.
In conclusion, we report a case of HHV-6 pneumonitis following salvage chemotherapy alone without HSCT for relapsed FL in which PCR testing for HHV-6 DNA in a BAL sample was a useful tool for the diagnosis of HHV-6 pneumonitis.
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